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© Process for the preparation of a catalyst for a catalyst precursor. 



© A process for the preparation of a catalyst or 
catalyst precursor, comprises mulling a mixture 
comprising a refractory oxide or refractory oxide 
precursor, a solvent and a peptising agent; adding to 
the mixture a neutralising agent, which neutralising 
agent is a source of a catalytically active component: 
and extruding the resulting mixture. The process is 
particularly suited to the preparation of catalysts 
comprising as catalytically active components metals 
from Group VIII, which catalysts are useful in the 
synthesis of hydrocarbons from a mixture of carbon 
monoxide and hydrogen. 
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The present invention relates to a process for 
the preparation of a catalyst or catalyst precursor, 
in particular to the preparation of a catalyst or a 
catalyst precursor by a combination of mulling and 
extrusion. 

It is known to prepare a catalyst or catalyst 
precursor by a process comprising first mulling a 
refractory oxide or precursor thereof with a solvent 
and, thereafter, extruding the resulting mixture 
through a suitably shaped orifice. Further, it is 
known that, to facilitate the extrusion of the mixture 
produced in the mulling stage and improve the 
properties of the final extrudates, it is advantageous 
to peptise the refractory oxide or precursor thereof 
prior to extrusion. 

Thus, in European patent application publica- 
tion No. 0 167 324 (EP-A-0 167 324) there is 
disclosed a method for extruding silica-rich solids 
comprising mixing the silica-rich solids with water 
and an alkali metal compound, mulling the mixture, 
extruding the mixture and drying the extrudates so- 
formed. The presence of the alkali metal com- 
pound gives rise to the basic conditions necessary 
to peptise the silica prior to extrusion. However, in 
many applications, the presence of alkali metal 
ions in the final extrudates can adversely affect the 
catalytic behaviour of the eventual catalyst. The 
alkali metal ions may be removed from the ex- 
trudates of EP-A-0 167 324 by soaking in a solution 
of ammonium nitrate and nitric acid. However, the 
need for such a step in the preparation of a com- 
mercial catalyst may be undesirable. Accordingly, 
there is a need for a process for preparing refrac- 
tory oxide or silica extrudates which is not reliant 
on the presence of alkali metals in the extrusion 
mixture. 

European patent application publication No. 0 
309 048 (EP-A-0 309 048) discloses a process for 
the preparation of a shapable dough comprising 
mixing and kneading a particulate silica with water 
and ammonia or an ammonia-releasing agent and 
extruding the resulting mixture. European patent 
application publication No. 0 313 163 (EP-A-0 313 
163) discloses a similar process for the preparation 
of silica-alumina extrudates, in which the silica- 
alumina is peptised using an alkanolamine or am- 
monia. 

Further, European patent application publica- 
tion No. 0 455 307 (EP-A-0 455 307) discloses a 
process for the preparation of alumina-based ex- 
trudates comprising preparing an extrudable mix- 
ture comprising an alumina precursor, a cobalt, iron 
or nickel source and a solvent, extruding the mix- 
ture and drying the resulting extrudates. It is dis- 
closed in EP-A-0 455 307 that the mixture to be 
extruded may comprise an agent to peptise the 
alumina, for example weak acids, such as formic 
acid, acetic acid and propionic acid. 



European patent application publication No. 0 
389 041 (EP-A-0 389 041) discloses a process for 
the preparation of titania-based extrudates compris- 
ing preparing a shapable dough by mixing and 

5 kneading a particulate titania with water and an 
alkanolamine. ammonia or an ammonia-releasing 
compound and, thereafter, extruding the dough. 

Recently, a process has been disclosed for the 
preparation of a catalyst or catalyst precursor in 

to which a mixture of a refractory oxide or precursor 
thereof is comulled with a solvent and a source for 
a catalytically active component, which source is 
also active as a peptising agent. Thus, European 
patent application publication No. 0 428 223 (EP-A- 

75 0 428 223) discloses a process for the preparation 
of extrudates comprising mulling a mixture of finely 
divided silica, a water soluble compound derived 
from a metal selected from Group IVB of the Peri- 
odic Table and water. It is disclosed in EP-A-0 428 

20 223 that use of a basic compound of a metal of 
Group IVB reduces or removes the need for an 
additional basic compound to be included in the 
mixture in order to fully peptise the silica prior to 
extrusion. A similar use of a compound to act both 

25 as a source for a catalytically active component in 
the final catalyst and as a peptising agent is de- 
scribed in the specifications of United Kingdom 
patent applications Nos. 9108656.1, 9108663.7 and 
9108657.9 (corresponding to European patent ap- 

30 plications publication Nos. 0 510 772, 0 510 771 
and 0 510 770 respectively). 

When preparing a catalyst or catalyst precur- 
sor, the inclusion of an acidic or a basic compound 
in the mixture prior to. extrusion leads to a lowering 

35 or raising respectively of the pH of the mixture. It 
has been found that a mixture having a pH signifi- 
cantly lower or higher than the neutral pH is more 
difficult to extrude than a mixture having a pH in 
the range of about 6 to 8. In the Examples of EP-A- 

40 0 428 223, acetic acid is added to the mixture 
being mulled to reduce the pH of the mixture to an 
acceptable level prior to extrusion. 

Surprisingly, a process has been found which 
allows the optimum preparation of a catalyst or 

45 catalyst precursor by means of the mulling and 
extrusion techniques hereinbefore described, but 
which allows the catalyst or catalyst precursor to 
be prepared using a minimum number of ingre- 
dients in the mixture being mulled. The process 

50 arises from the finding that the neutralising agent 
employed during the mulling and extrusion proce- 
dure may be a source for a catalytically active 
component. 

Accordingly, the present invention provides a 
55 process for the preparation of a catalyst or catalyst 
precursor, which process comprises mulling a mix- 
ture comprising a refractory oxide or refractory 
oxide precursor, a solvent and a peptising agent; 
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adding to the mixture a neutralising agent, which 
neutralising agent is a source of a catalytically 
active component; and extruding the resulting mix- 
ture. 

In a preferred embodiment, the present inven- 
tion provides a process in which both the peptising 
agent and the neutralising agent are sources of a 
catalytically active component. 

The process of the present invention advanta- 
geously provides a simple process for the prepara- 
tion of a catalyst or catalyst precursor. The process 
allows the conditions during the mulling and ex- 
trusion stages to be controlled, thereby resulting in 
products having optimum properties, using a mini- 
mum number and amount of compounds. In this 
way, the need for introducing into the mixture 
agents which are not required in terms of the final 
product composition and which may even adverse- 
ly affect the properties of the final catalyst is re- 
duced and, in many cases removed. 

The refractory oxide for inclusion in the mixture 
may be any suitable refractory oxide, for example 
alumina, silica, titania. zirconia, silica-alumina and 
mixtures thereof. Silica and alumina are most suit- 
able refractory oxides. The aforementioned refrac- 
tory oxides are available commercially and are well 
known as materials for use in the preparation of 
catalysts and catalyst precursors. 

As an alternative or in addition to the refractory 
oxide, the mixture being mulled may comprise a 
refractory oxide precursor. A refractory oxide may 
be prepared by heating the corresponding hydrox- 
ide. As the heating progresses, the hydroxide is 
converted via a number of intermediate forms and 
the successive loss of a number of water mol- 
ecules into the refractory oxide. For the purposes 
of this specification, the term "refractory oxide pre- 
cursor" is to be taken as a reference to the cor- 
responding hydroxide or any of the aforementioned 
intermediate forms. 

The solvent may be any of the suitable sol- 
vents known in the art, for example water; alcohols, 
such as methanol, ethanol and propanol; ketones, 
such as acetone; aldehydes, such as propanal; and 
aromatic solvents, such as toluene. A most conve- 
nient and preferred solvent is water. 

The mixture to be extruded should have a 
solids content in the range of from 20 to 60% by 
weight, more preferably from 30 to 50% by weight. 

In the process of the present invention, the 
mixture to be mulled comprises, in addition to one 
or more r fractory oxides or precursors thereof, a 
peptising agent. The peptising agent may be either 
an acidic compound or a basic compound, depend- 
ing upon the particular refractory oxide present in 
the mixture. The addition of the acidic or basic 
peptising agent lowers or raises respectively the 
pH of the mixture being mulled. Once the required 



degree of peptising of the refractory oxide has 
been achieved, a neutralising agent is added to the 
mixture to neutralise the peptising ag nt and return 
the pH to a value in the range of about 6 to 8.5. 

5 The neutralising agent will be either a basic com- 
pound or an acidic compound, depending upon the 
particular refractory oxide present in the mixture. 

In the process of this invention, the neutralising 
agent is a source for a catalytically active compo- 

io nent. Most preferably, both the peptising agent and 
the neutralising agent are selected to be sources of 
a catalytically active component of the final cata- 
lyst. The peptising agent and neutralising agent 
may be sources for the same or different catalyt- 

15 ically active components. Further, one or both of 
the peptising agent and the neutralising agent may, 
if desired, comprise a mixture of compounds and, 
thus, act as a source for a plurality of catalytically 
active components in the final catalyst. 

20 For the purposes of this specification, the term 

"catalytically active component" is a reference to 
elements active as catalysts with respect to one or 
more reactions, as well as elements active as co- 
catalysts or promoters. Accordingly, the neutralis- 

25 ing agent and, preferably, the peptising agent may 
be sources for one or more elements selected from 
Groups lb. IIB, MB, IVB. VB, VIB, VIIB, VIII of the 
Periodic Table of Elements, or the Lanthanides and 
Actinides. Preferably, the said agents are sources 

30 for one or more elements in Group VIII of the 
Periodic Table, in particular elements selected from 
iron, ruthenium, cobalt, rhenium, nickel, palladium 
and platinum, especially cobalt, iron and nickel, or 
elements from Group IVB of the Periodic Table, in 

35 particular titanium and/or zirconium. 

As mentioned hereinbefore, the peptising agent 
may be either an acidic compound or a basic 
compound, depending upon the nature of the re- 
fractory oxide. The particular type of peptising 

40 agent required for a given refractory oxide is well 
known in the art. For example, alumina requires an 
acidic compound for peptising to occur. Suitable 
acidic peptising agents include both organic and 
inorganic acid compounds. Suitable acidic pep- 

45 tising agents include aqueous solutions of hydro- 
gen fluoride, hydrogen chloride and hydrogen bro- 
mide, nitric acid, nitrous acid and perchloric acid. 
Suitable organic acids for use as the acidic pep- 
tising agent include alkanoic acids having from 1 to 

so 12 carbon atoms, more preferably from 1 to 6 
carbon atoms, or dicarboxylic acids having from 1 
to 6 carbon atoms. Particularly preferred acids are 
the alkanoic acids, especially formic acid, acetic 
acid, propionic acid and butanoic acid. A most 

55 suitable acidic peptising agent is acetic acid. 

Preferably, the acidic peptising agent is a 
source for a catalytically active component. Suit- 
able acidic compounds include both organic and 
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inorganic acid salts of the catalytically active com- 
ponents mentioned hereinbefore. Examples of suit- 
able compounds include acetates, propanoates, 
butanoates, carbonates, nitrates, oxalates, citrates 
and phosphates. Salts of organic acids are conve- 
nient and preferred acidic peptising agents, with 
acetates being especially preferred. 

In contrast, suitable peptising agents for silica, 
titania and zirconia are basic compounds. Suitable 
basic compounds for use as peptising agents in- 
clude ammonia, ammonia-releasing compounds, 
ammonium compounds and organic amines, with 
ammonium compounds and organic amines being 
preferred. A most suitable basic peptising agent is 
the organic amine ethanol amine. 

Preferably, the basic peptising agent is a 
source for a catalytically active component. Suit- 
able basic compounds include both organic and 
inorganic basic salts of the catalytically active com- 
ponents mentioned hereinbefore. Examples of suit- 
able compounds include carbonates, phosphates 
and basic complexes. Ammonium carbonate com- 
plexes are particularly suitable and preferred com- 
pounds for use as basic peptising agents. 

The amount of peptising agent included in the 
mixture should be sufficient to peptise the refrac- 
tory oxide and/or refractory oxide precursor present 
in the mixture. The amount present may be readily 
determined by measuring the pH of the mixture. If 
a basic peptising agent is being used, the pH of 
the mixture should be in the range of from 8 to 
11.5, more preferably from 9 to 11. If an acidic 
peptising agent is being used, the pH should be in 
the range of from 1 to 6, more preferably from 4 to 
6. 

Once the refractory oxide and/or refractory ox- 
ide precursor has been peptised to the required 
degree, a neutralising agent is added to the mix- 
ture to stop the peptising reactions. As mentioned 
hereinbefore, the neutralising agent may be a basic 
compound or an acidic compound, depending upon 
the nature of the refractory oxide present in the 
mixture. The neutralising agent is a source for a 
catalytically active component. Suitable basic and 
acidic compounds for use as neutralising agents 
have been discussed hereinbefore with respect to 
the peptising agents. Ammonium carbonates are 
particularly suitable for use as basic neutralising 
agents. Acetates are particularly suitable acidic 
neutralising agents. 

To facilitate extrusion of the final mixture and 
yield extrudates of high quality, sufficient neutralis- 
ing agent should be added to the mixture to return 
the pH to a value in the range of from 6 to 8.5. 

If desired, one or more additional neutralising 
agents may be added during the mulling of the 
mixture. Suitable neutralising agents are known in 
the art and are disclosed in the prior art documents 



discussed hereinbefore. However, as mentioned 
hereabove, it is an advantage of the present pro- 
cess that the amount of these additional agents 
necessary is significantly tower than needed in the 
5 processes of the prior art. In many cases, the 
process of the present invention provides the ad- 
vantage that no additional neutralising agents are 
required. 

To improve the flow properties of the mixture, 

w it is preferred to include one or more flow improv- 
ing agents and/or extrusion aids in the mixture prior 
to extrusion. Suitable additives for inclusion in the 
mixture include fatty amines, quaternary ammo- 
nium compounds, polyvinyl pyridine, sulphox- 

75 onium, sulphonium, phosphonium and iodonium 
compounds, alkylated aromatic compounds, acyclic 
mono-carboxylic acids, fatty acids, sulphonated ar- 
omatic compounds, alcohol sulphates, ether alcohol 
sulphates, sulphated fats and oils, phosphonic acid 

20 salts, polyoxyethylene alkylphenols, polyox- 
yethylene alcohols, polyoxyethylene alkylamines, 
polyoxyethylene alkylamides, polyacrylamides, 
polyols and acetylenic glycols. Preferred additives 
are sold under the trademarks Nalco and Super- 

25 floe. 

The flow improving agents/extrusion aids are 
preferably present in the mixture in a total amount 
in the range of from 1 to 20% by weight, more 
preferably from 2 to 10% by weight, on the basis 
30 of the total weight of the mixture. 

In principle, the components of the mixture 
may be combined in any order, with the proviso 
that the peptising agent is added to the mixture 
and sufficient time allowed for peptising of the 
35 refractory oxide and/or refractory oxide precursor 
to occur before addition of the neutralising agent. 
However, it has been found advantageous to pre- 
pare and mull the mixture in the following manner. 
The refractory oxide and/or refractory oxide precur- 
40 sor, solvent and the peptising agent are combined 
and the resulting mixture mulled. Once the refrac- 
tory oxide and/or precursor thereof have been suffi- 
ciently peptised, the neutralising agent is added 
and the resulting mixture mulled for a further pe- 
45 riod of time. Thereafter, any flow improving agents 
and/or extrusion aids may be added and the mix- 
ture mulled for a final period of time before ex- 
trusion of the mixture. 

Typically, the mixture is mulled for a total pe- 
so riod of from 10 to 120 minutes, preferably from 15 
to 90 minutes. During the mulling process, energy 
is input into the mixture by the mulling apparatus. 
The rate of energy input into the mixture is typi- 
cally in the range of from 0.05 to 50 Wh/min/kg, 
55 preferably from 0.5 to 10 Wh/min/kg. The mulling 
process may be carried out at a broad range of 
temperature, preferably from 15 to 50 *C. As a 
result of the energy input into the mixture during 
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the mulling process, there will be a rise in tempera- 
ture of the mixture during the mulling. The mulling 
process is conveniently carried out at ambient 
pressure. Any suitable, commercially available 
mulling machine may be employed. 

Once the mulling process has been completed, 
the resulting mixture is extruded. Extrusion may be 
effected using any conventional, commercially 
available extruder. In particular, a screw-type ex- 
truder may be used to force the mixture through 
one or more orifices in a suitable dieplate to yield 
extrudates having the desired form. The strands 
formed upon extrusion may be cut or broken to the 
desired length. 

The extrudates may have any of the forms 
known in the art, such as cylinders, for example 
hollow cylinders, a multilobed or twisted multilobed 
form. The process of the present invention has 
been found to be particularly suitable for forming 
trilobe extrudates. The extrudates may have any 
suitable nominal diameter, typically in the range of 
from 0.5 to 5 mm, preferably from 1 to 3 mm, for 
many applications. 

After extrusion, the extrudates are dried. Drying 
may be effected at an elevated temperature, pref- 
erably up to 800 "C, more preferably up to 300 
•C. The period for drying is typically up to 5 
hours, more preferably from 30 minutes to 3 hours. 

Preferably, the extrudates are calcined after 
drying. Calcination is effected at an elevated tem- 
perature, preferably up to 1000 *C, more prefer- 
ably from 200 to 1000 # C, most preferably from 
300 to 800 *C. Calcination of the extrudates is 
typically effected for a period of up to 5 hours, 
preferably from 30 minutes to 4 hours. The calcina- 
tion may be effected, for example, by heating the 
extrudates in air, or by means of direct heating 
using the hot exhaust gases of a flame to contact 
the extrudates. 

In a further aspect, the present invention pro- 
vides a catalyst or catalyst precursor obtainable by 
a process as hereinbefore described. 

The extrudates prepared by the process of the 
present invention may be employed directly as 
catalyst particles, after the application of any nec- 
essary activation procedures. Alternatively, one or 
more catalytically active components may be de- 
posited on the extrudates, which catalytically active 
components may be the same or different to those 
present in the finished extrudates. Suitable tech- 
niques for depositing catalytically active component 
are known in the art. A particularly suitable tech- 
nique is impregnation. 

The products of the process of the present 
invention find use in any process in which a cata- 
lyst comprising a catalytically active component, as 
hereinbefore defined, and a refractory oxide carrier 
is required. In particular, when the catalytically ac- 



tive component is active as a Fischer-Tropsch 
catalyst, the products may be employed in the 
synthesis of hydrocarbons from a mixture of car- 
bon monoxide and hydrogen, the so-called Fischer- 

5 Tropsch synthesis. Typically, the hydrocarbon syn- 
thesis reaction is effected at a temperature in the 
range of from 125 to 350 # C, more preferably from 
175 to 250 'C. The reaction pressure is typically in 
the range of from 5 to 100 bar, more preferably 

to from 10 to 50 bar. The hydrogen/carbon monoxide 
ratio in the feed is typically greater than 1.5, prefer- 
ably from 1.75 to 2.25, with unconverted carbon 
monoxide and hydrogen being recycled to contact 
the catalyst for a second time. 

rs The process of the present invention is further 

described in the following illustrative examples. In 
the examples, the values for the loss on ignition are 
quoted on the basis of the water lost upon heating 
the sample to a temperature in the range of from 

20 550 to 600 ' C. 

Example 1 

Silica powder (precipitated silica, 87g; 75g 

25 Si02 on a dry basis), ammonium zirconium car- 
bonate (Bacote, 45g; 8.8g equivalent ZrC^) and 
water (84.3g) were combined and the resulting 
mixture mulled for a period of 10 minutes. Zirco- 
nium acetate (I5.7g; equivalent 3.4g Zr02) and 

30 water (I0g) were added and the resulting mixture 
mulled for a further 10 minutes. Water (1 1 g) was 
added and the mixture mulled for a further 15 
minutes. Finally, polyelectrolyte (Nalco, 3.5g as a 
4% aqueous solution) and water (4.5g) were added 

as and the mixture mulled for a final period of 5 
minutes minutes, after which the mixture had a loss 
on ignition of 65.5 % and a pH of 8.2. The resulting 
mixture was extruded using a 1" Bonnot extruder 
having a 2.2 mm Delrin trilobe dieplate insert to 

40 yield trilobe extrudates. The extrudates were dried 
at a temperature of 120 # C and thereafter calcined 
in air at a temperature of 800 • C for a period of 2 
hours. 

The final extrudates comprised 12 parts by 
45 weight of zirconium (as Zr) per 100 parts by weight 
of silica. 

Example 2 

50 HMPA (High micropore alumina. 131g; 100g 

alumina on a dry basis), zirconium acetate (49.1 g; 
10.8g equivalent Zr0 2 ) and water (70g) were com- 
bined and the mixture mulled for a period of 10 
minutes. Ammonium Zirconium carbonate (Bacote, 

55 27.8g; equivalent 5.4g Zr02) and water (7.1 g) were 
added and the resulting mixture mulled for a further 
5 minutes. Extrusion aid (Superfloc, 1.1g as a 1% 
aqueous solution) was added. Mulling was contin- 
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ued for a period of 15 minutes, with water (4g) 
being added after each successive period of 5 
minutes. Mulling was again continued for 5 min- 
utes, after which polyelectrolyte (Nalco, 2.2g as a 
2% aqueous solution) was added to yield a result- 
ing mixture having a loss on ignition of 59.3% and 
a pH of 6.8. The final mixture was extruded using a 
1" Bonnot extruder with a 1.7 mm trilobe dieplate 
insert to yield trilobe extrudates. The resulting ex- 
trudates were dried at a temperature of 120 *C 
and thereafter calcined at a temperature of 630 • C 
for a period of 2 hours. 

The final extrudates comprised 12 parts by 
weight of zirconium (as Zr) per 100 parts by weight 
of alumina. 

Claims 

1. A process for the preparation of a catalyst or 
catalyst precursor, which process comprises 
mulling a mixture comprising a refractory oxide 
or refractory oxide precursor, a solvent and a 
peptising agent; adding to the mixture a 
neutralising agent, which neutralising agent is a 
source of a catalyticaily active component; and 
extruding the resulting mixture. 



especially cobalt, iron or nickel, or an element 
from Group IVB of the Periodic Table, in par- 
ticular titanium or zirconium. 

5 7. A process according to any preceding claim, 
characterised in that the peptising agent or 
neutralising agent which is acidic is an organic 
acid salt, preferably an acetate. 

70 & A process according to any preceding claim, 
characterised in that the peptising agent or 
neutralising agent which is basic is a basic 
complex, preferably an ammonium carbonate. 

15 9. A process according to any preceding claim, 
characterised in that after the addition of the 
peptising agent the mixture has a pH of from 8 
to 1 1 , preferably from 9 to 1 1 , in the case of 
an basic peptising agent, and a pH of from 1 

20 to 6, preferably from 4 to 6, in the case of an 

acidic peptising agent. 

10. A process according to any preceding claim, 
characterised in that after addition of the 
25 neutralising agent the mixture has a pH in the 
range of from 6 to 8.5. 



2. A process according to claim 1, characterised 
in that the peptising agent is a source of a 
catalyticaily active component. 

3. A process according to either of claims 1 or 2. 
characterised in that the mixture comprises a 
refractory oxide or a precursor of a refractory 
oxide selected from alumina, silica, titania, zir- 
conia, silica-alumina, preferably alumina or sili- 
ca. 

4. A process according to any preceding claim, 
characterised in that the solvent is water, an 
alcohol, an aldehyde, a ketone or an aromatic 
solvent, preferably water. 

5. A process according to any preceding claim, 
characterised in that the mixture has a solids 
content of from 20 to 60 % by weight, prefer- 
ably 30 to 50 % by weight, prior to extrusion. 



11. A process according to any preceding claim, 
characterised in that a flow improver and/or 

30 extrusion aid is added to the mixture prior to 

extrusion. 

12. A process according to any preceding claim, 
characterised in that the mixture is mulled for a 

35 total period of from 10 to 120 minutes, prefer- 

ably from 15 to 90 minutes. 

13. A catalyst or catalyst precursor obtainable by 
the process according to any preceding claim. 

40 

14. Use of a catalyst or catalyst precursor accord- 
ing to claim 12 in the synthesis of hydrocar- 
bons from a mixture of carbon monoxide and 
hydrogen. 

45 



6. A process according to any preceding claim, 

characterised in that the peptising agent and/or so 
the neutralising agent are sources for a catalyt- 
icaily component selected from elements of 
Groups lb, HB, IHB, IVB, VB, VIB, VIIB or VIII of 
the Periodic Table of Elements, or the Lan- 
thanides and Actinides, preferably an element 55 
in Group VIII of the Periodic Table, in particular 
an element selected from iron, ruthenium, co- 
balt, rhenium, nickel, palladium or platinum, 
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